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Iniroduction

SECTIONONE

1.1 PROJECT DESCRIPTION

This report presents the results of our geotechnical investigation for design of an approximately
255-foot long pipeline undercrossing of I-215 and the BNSF Railroad in San Bernardino,
California. As part of the Muscoy Plume Remedial Design Project, the Environmental
Protection Agency (EPA) is planning to construct this pipeline to convey contaminated water
from the Muscoy Groundwater Contamination Superfund Site to a treatment plant. - Trenchless
construction methods will be required to cross under I-215 and the BNSF railroad tracks in the
vicinity of 10™ Street. This element of the overall project focuses on the pipeline crossing
segment between Station 145465 and 148+20. Fi gure l provides a general vicinity map for the
project. - .

Construction will involve installation of a 32-inch diameter steel casing followed by a 20-inch
diameter internal carrier pipe. A maximum pipeline elevation of 1092 feet has been set to allow
for future utility construction within Caltrans right-of-way. This requirement will provide
approximately 12 feet of cover above the pipe. The pipes will be connected to proposed cut and
cover pipeline segments to the east and west. Inclined (transition) pipe segments will be
constructed east and west of the trenchless undercrossing to achieve reduced depths outside of

the Caltrans corridor.

1.2 PURPOSE AND SCOPE OF WORK

The purpose of this investigation was to evaluate subsurface conditions along the proposed
pipeline undercrossing alignment to facilitate development of geotechmcal criteria for pipeline

design and construction. This report provides the following:

Discussion of the field exploration and laboratory testmg prograims;

+ Summary of the laboratory test data;
o Description of the site and subsurface conditions encountered during the field exploration
program;

Evaluation of anticipated subsurface conditions during construction;

e Evaluation of trenchless construction alternatives;

Recommendations for a preferred trenchless construction méthod; ,

Evaluation and recommendations for jacking and receiving pits; and

« Summary of major findings and conclusions.

1.3 REPORT ORGANIZATION

This report is organized as follows:

e Section 1: Introduction
Section 2: Field Exploration and Laboratory Testing Program

.

Section 3: Alignment Surface and Subsurface Conditions
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¢ Section 4: Trenchless Construction Evaluation
» Section 5: Summary and Conclusions |

e Section 6: Limitations

e Section7: References
o Appendix A:  Field Exploration Program
e Appendix B: Laboratery Testing Piogram
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SECTIONTWO Field Exploration and Laboratery Testing Program

2.1 EXPLORATORY BORINGS

Two exploratory borings, numbered B-1 and B-2, were drilled for the proposed undercrossing.
The locations are shown on Figure 2, Plan and Profile. Borings B-1 and B-2 were drilled to
depths of 40 and 30.5 feet, respectively. The borings were drilled by Cal Pac Drilling using a
truck-mounted Mobile B-61 drilling rig. Hollow-stem augers were employed to advance the
boreholes. The soil cuttings and samples were logged in the field and soils were visually
classified as the drlling proceeded. Samples of the subsurface materials were obtained at
selected depths in the borings using two types of samplers; a 2.5-inch O.D. modified California
sampler and a 2-inch O.D. SPT split-spoon sampler as shown in the Key to Log of Borings
(Figure A-1in Appendix A). A bulk sample was also taken near the surface of Boring B-1. The
"samples were returned to our geotechnical laboratory for further visual examination and
laboratory testing. Logs of Borings were prepared based on the field logs, visual examination of
soil samples in the laboratory, and the laboratory testing results. Detailed logs of borings are
presented in Figures A-2 and A-3. Detailed descriptions of the procedures employed to drill the
borings, and to obtain soil samples are provided in Appendix A (Field Exploration Program).

22  GROUNDWATER OBSERVATION WELLS

Groundwater observations wells were installed in both of the borings. The wells consisted of 2-
inch-diameter PVC well casings with well screens installed in the borings. The annular space
between the soil and the screened portion of the pipe was backfilled with filter sand. The
screened interval and sand pack are located from 18 feet below the surface to the bottom of the
hole in both borings. To inhibit surface water infiltration, the upper part of the wells were
completed with hydrated bentonite chips and a hydrated granular bentonite seal above the sand
pack. Steel traffic-rated protective covers complete the observation wells at the ground surface.
A more complete description of the observation well construction details is provided in

Appendix A and on the logs of borings.

23 LABORATORY TESTING

Representative soil samples obtained from the exploratory borings were tested in our Pleasant
Hill geotechnical laboratory in order to evaluate their engineering properties for use in the
analyses. The following laboratory tests were performed on selected soil samples:

e Water content (ASTM D2216)

* Dry density (ASTM D2850)

e Unconfined compressive strength (ASTM D2166)
e Atterberg limits (ASTM D4318)

¢ Grain size and hydrometer analyses (ASTM D422)

The results of the laboratory tests are summarized in the logs of berings at the corresponding
sample depths. Detailed laboratory test results are presented in Appendix B (Laboratory Testing

Program). Table 1 summarizes the laboratory data.
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SECTIONTHREE  Rlignment Surface and Subsurface Conditions

31 SURFACE CONDITIONS

The proposed pipeline crossing is located within public right-of-way near Interstate 215. Access
pits will be positioned at the perimeter of residential streets. The proposed vertical alignment
passes approximately 13 feet below the BNSF railroad tracks and 16 feet below the Interstate
215 embankment crest. Figure 2 provides a plan and profile view of the proposed crossing as it

relates to existing surface features.

32 REGIONAL GEOLOGIC CONDITIONS

The proposed tunnel alignment lies within California’s Transverse Ran ge physiographic
province near the border with the Peninsular Range physiographic province. The Transverse
Range province is characterized by an east-west trending geologic fabric that is expressed
topographically as east-west trending mountains. This is an anomalous trend that contrasts ‘with :
the NW-SE direction of the Coast Ranges and the Peninsular Range. The Peninsular Range

province is comprised of a series of ranges separated by longitudinal valleys subparallel to faults

branching from the San Andreas Fault. The trend of topography is similar to the Coast Ranges,

but the geology is more like the Sierra Nevada, with granitic rock intruding the older '

metamorphic rocks. The tunnel alignment site is located within a valley bounded by the San

Bemardino Mountains to the North East and the San Gabriel Mountains to the North West. The

valley is filled with Quaternary alluvium (Qal) consisting of sands, silts, and clays.

3.3  SEISMIC SOURCES AND LOCAL FAULTING

The project area is in a tectonically and seismically active area. Figure 1 shows the location of
the site relative to the local Quaternary faulting pattern. The study area is dissected by active
faults, including the two most significant active faults in southem California, namely, the San
Andreas Fault and the San Jacinto Fault. The presence of these active faults produces a
relatively high level of seismic activity. The tunnel crossing alignment is located approximately
1.7-miles northeast of the San Jacinto fault. The San Andreas fault is located approximately 4.6
miles northeast of the site. These two faults intersect approximately 10 miles to the northwest of
the site. The State of California has designated Alquist-Priolo Earthquake Fault Zones (A-P
Zones) along each of these faults. The site is located 1.6 miles outside the nearest A-P Zone;
hence, the potential for surface fault rupture at the site is considered very low.

34 SUBSURFACE CONDITIONS

3.4.1 Soil

The generalized subsurface profile at the undercrossing consists of silty sand fill overlying
interbedded clay, silt, and silty to clayey sands of alluvial origin. Figure 2 provides a profile
view showing graphic boring logs with respect to existing site surface features and the proposed’

pipeline horizon.
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SECTIONTHREE Rlignment Surface and Subsurface Conditions

Fill materials at both boring locations were characterized as medium dense sand. Thickness
ranged between 2 (B-2) and 3 feet (B-1). A thickened fill section 1s present at I-215, which is

positioned on an approximately 4-foot high embankment.
The natural alluvial soil profile consists of a clay/silt layer overlying a silty sand that contains

- apparent discontinuous clayey sand and sandy clay layers.

between 7.5 (B-1) and 8.5 feet (B-2) thick. An upper S-foot

The upper clay/silt layer ranged
se to medium.

_ thick silt layer was present only at B-2 (west side). This silt was described as den
dense and contained clay. Measured water content, dry unit weight and unconfined compressive
strength on a select sample were 23 percent, 102 pcf and 3.5 ksf, respectively. The clay

component of the clay/silt layer ranged between 3.5 (B-2) and 5 feet (B-1) thick. This material-
was characterized as very stiff to hard and of low plasticity. Moisture content, dry unit weight
measured as 20 percent, 107 pcf and 6.1 ksf.

and compressive strength for a select sample were

Liquid and plastic limits were 33 and 19 percent, respectively. A thin (2.5 feet) silt was detected’
in both borings at the base of the upper clay/silt layer. The silt was described as medium dense
and containing sand. Measured index properties for select samples included water contents :
between 6.5 and 18.5 percent, dry unit weights between 101 and 108 pcf, and compressive

strengths ranging between 2.3 and 3.4 ksf. Percent fines were determined to be 61 percent in one -

sample obtained from B-2.
The clay/silt layer was underlain by a silty sand layer at depths ranging between 10.5 (B-1) and
13 feet (B-2). This layer extended to the base of the borings (30 to 40 feet), and was generally
characterized as medium dense to dense. Percent fines ranged between 27 and 35 percent and
water contents between 3 and 16 percent. Three feet of low plastic sandy clay was present
between 14.5 and 17.5 feet in B-1. Consistency of the layer was described as hard, as evident by
an unconfined strength of 10.6 ksf in one sample. Water content and dry unit weight of the
sample were measured at 12 percent and 113 pcf, respectively. The transition back to a silty
sand below the clay was gradual as evident by the presence of a clayey sand between 17.5 and
23.5 feet. Percent fines for a select sample of the clayey sand were measured at 38 percent.

3.4.2 Groundwater Conditions

Groundwater level measurements were taken during and after completion of well installation.
The piezometer readings taken both at the completion of well installation (April 20, 2001) and
subsequently (July 30, 2001) _indicated that there was no water down to a depth of 36 feet in
boring B-1 and 30 feet in B-2. Furthermore, there were no indications of groundwater or wet
soils noted during drilling and sampling activities. Itis noted that the drilling operations were

conducted in the summer. Groundwater levels and the presence of small focalized perched water

may change with seasonal fluctuations.
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- SECTIONFOUR | Trenchless Construction Fvaluation

41 GENERAL
The proposed water conveyance pipeline is planned to be constructed using trenchless
construction methods between Station 145+65 and 148420, Tunneling would commence within
a shaft at the east end and progress 255 feet to complete the crossing of I-215 and the BNSF .
railroad tracks. Profile design of the outside steel casing involves maintaining a near O percent
grade with the crown elevation set at 1092 feet. Construction of pipeline segments other than the
trenchless crossing will involve cut and cover methods.

This section of the report provides an evaluation of the following design and construction issues:

* Assessment of anticipated subsurface conditions to be encountered during construction;

¢ Evaluation of tunnelin g alternatives;
¢ Selection of a preferred tunhc]ing_ approach, along with a discussion of key design and
construction considerations for the approach; and '

Evaluation of key design and construction issues for the shaft excavations.

42  ANTICIPATED GROUND CONDITIONS

Tunneling operations are anticipated to encounter silty sands above the groundwater. Medium
dense silt and very stiff clay were detected sli ghtly above (silt) and below (clay) the pipeline
horizon at the east end. The silty sand was characterized as medium dense to dense at the two
boring locations. This material contained si gnificant fines (301 percent) which will increase
“stand-up” time experienced durin g tunneling. Considering the fines content, relative density
and lack of groundwater, it is anticipated that the silty sand will exhibit slow raveling to firm
behavior. Should loose zones of relatively clean sand be encountered, these soils would be
expected to exhibit raveling behavior. Anticipated ground behavior as discussed herein is in
accordance with the generalized categories of ground behavior for soft ground tunneling as
summarized on Table 2. The profile on Figure 2 illustrates the anticipated subsurface conditions

along the pipeline crossing.

Soils overlying the tunneling interval are pnmarily medium dense silty sands, medium dense silt
and very stiff clays. Total overburden thickness over the tunnel interval will range between
about 12 (east end) to 13 feet (west end). The crest of the I-215 embankment is positioned about
16 feet above the proposed pipeline.

As evident from lack of groundwater within the piezometers, groundwater is not anticipated
within the required excavations. Piezometer readings were obtained during the spring and
summer; hence, there could be some seasonal fluctuations in the groundwater level during wet

sc€asons.

43  TRENCHLESS CONSTRUCTION ALTERNATIVES

- Three trenchless construction methods were considered for the pipeline undercrossing. These
- options are microtunneling, pipe-jacking (with a shield) and bore-and-jack.
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SECTIONFOUR - Trenchiless Construction Evaluation )

43.1 Microtunneling

Microtunneling is an underground method of constructing pipélines using a sophisticated,

remotely controlled, laser guided, steerable boring machine. The pipe is installed by pipe

jacking, which involves pushing pipe sections through the ground with hydraulic jacks
assembled in a jacking frame. The jacking operation is conducted within an open excavation
(jacking pit) positioned at one end of the crossing. Excavation is achieved using a. '

mictrotunneling machine positioned in front of the lead pipe section. As the machine advances,
the pipe is pushed forward simultaneously to maintain the opening. After pushing a full pipe
section into the ground, a new pipe section is lowered into the jacking pit with a crane and
connected to the previous pipe section. The process is repeated until the machine reaches the
receiving pit. Spoils removal is remotely operated with either slurry or auger casing; depending

upon the selected machine.

4.3.2 Pipe Jacking

Pipe Jacking (with a shield) is different from microtunneling in several ways. Excavation is

carried out manually or with a cutterhead within the shield. In pipe jacking, the machine

operator and other personnel are required to perform much of the work at the tunnel heading and

inside the pipe string. Therefore, the inside diameter of the jacked pipe should be at least 4-feet

to allow personnel access to the tunnel heading. Pipe jacking shields can utilize laser guidance o
systems, which are capable of maintaining accurate control of line and grade. ?}

4.3.3 Bore-and-Jack
_Bore-and-jack methods involve installing a pipeline by pushing a string of pipes through the
ground with large hydraulic jacks situated within a jacking pit located at either end of the
crossing. Soil excavation is conducted at the advancing end of the pipe string using continuous
zontal boring machine. For this type of installation, an

flight augers that are powered by a hori
outer steel casing is typically installed and the carrier pipe is placed inside the casing.

4.3.4 Alternatives Evaluation

Several elements of this project dictate the selection of a
method. Favorable subsurface conditions are present in t
above the groundwater. Furthermore, the casing pi pe isofre
and the crossing length is only about 255 feet.

The advantages typically offered by microtunneling (i-e.ex

groundwater) are not applicable for this project. Microtunne
disadvantages (as compared with bore-and-jack) as follows:

sts due to high cost of mobilization and setup of a microtunneling

relatively simple trenchless construction
he form of relatively dense silty sands
latively small diameter (32 inches)

cavation through difficult soils under
ling also presents cost and schedule

e Higher construction co
machine; and
e Longer construction duration due to longer setup time for microtunneling equipment. | }

desirable alternative at this crossing due to the

Pipe jacking (with a shield) does not present a
ess would

need for an oversized tunnel opening to provide personnel access. Provisions for acc

be warranted if obstructions were anticipated in fill and/or native materials at the pipeline
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SECTIONFOUR - Trenchless Construction Evaluation

horizon. Obstructions are not expected in the silty sand alluvium; hence, a 16 to 18-inch increase
in tunnel diameter is not recommended. Additional costs are incurred to backfill the oversized
void between the casing and carrier pipes. Furthermore, shield/pipe jacking with the oversized
opening may result in increased surface settiements requiring pre and/or post construction

ground improvement.

It is our opinion that bore-and-jack method is the most favorable construction alternative for this
project. This method provides a simplified approach that will meet the project criteria for
installation of a 32-inch pipe on a relatively flat grade. The operation would commence within a
jacking pit at Station 148+20 and proceed west. A receiving pit would be established at Station
145+60. These pits will serve as an extension of the open-cut construction to the east and west.
Provisions for a staging area at the eastern limits is preferred due to limited surface constraints
and reduced disturbance to the surrounding residential neighborhood. In addition, tunneling
from the east will give the contractor approximately 100 feet to refine his methods prior to
encountering the I-215 embankment footprint. The overall staging area in the vicinity of the
jacking pit should provide sufficient space for storage of several pipe segments, loading of trucks
to dispose of spoils and for crane access to lower pipe segments and for spoils removal.

44 GROUNDWATER CONTROL

Groundwater control is not an anticipated requirement for this project. Data obtained during the
exploratory phase indicated that groundwater was not present within at least 15 feet of the invert.
Actual groundwater levels at the time of construction may fluctuate depending upon the season
and rainfall quantities. Although groundwater levels are not expected to rise above the proposed
invert level, the contractor should be prepared to address potential localized perched water ©
conditions should construction be conducted within wet seasons.

4.5  SURFACE SETTLEMENT

Settlement is the primary source of damage to adjacent streets, utilities, and residences during
trenchless construction. Settlement is caused by loss of ground at the tunnel heading and by

closure of the overcut void around the pipe. Selection of appropriate tunneling equipment and
methods will limit ground loss, although some minor ground losses and surface settlement are

unavoidable.

Estimates of the. amount of surface settlement that could occur due to bore-and-jack operations
were made to evaluate the potential impact on I-215 and the BNSF railroad tracks. Empirical
methods have been developed for estimating surface settlement due to soft ground tunneling by
the study of observed settlements on past projects (Peck, 1969; Cording and Hansmire, 1975).
The settlement pattern that typically develops above a soft ground tunnel is a trough-shaped
depression resembling an inverted bell shaped curve with maximum settlement occurrin g above
the tunnel centerline (Peck, 1969). Calculations were made for a 36-inch ID pipe (even though a
32-inch ID is proposed). This provides a conservative estimate of the anticipated settlement.
Assuming that the pipe springline is positioned at an average depth of 14 feet below the ground
surface, we estimate a maximum surface settlement ranging between % and Y-inch. Maximum
settlements of the interstate pavement could be sli ghtly less considering the presence of the 4-
foot high embankment. The width of the settlement trough is predicted to be about 12 feet.
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SECTIONFOUR | Trenchless Construction Evaluation

The assumptions for this analysis were as follows:
o Appropriate tunneling methods are implemented and good construction practices are

followed to limit ground loss;

e Volume loss at the casing head is between 0.5 and 1% of the cxcavatéd volume;

around the casing, except at the bottom quadrant;

e A 3/8” thick casing band is used all
led; hence, the entire 3/8-inch; thickness contributes

e A gap created by the casing band is not fi
to volume loss; and

Volume loss at the surface is 100% of the total volume loss at the tunnel.

are not expected to result in damage to the highway,
railroad tracks and/or existing utilities. The Contractor should be responsible for repairing any
damage resulting from tunneling or other construction operations. Although itis unlikely that
damage will result from this small amount of settlement, pre-construction and post-construction
inspection surveys should be completed along the pipeline alignment. Surface settlement points
should be established along the alignment and within the theoretical settlement trough limits to

monitor settlement during tunneling operations.

‘Estimated settlement magnitude and extent

4.6 DISPOSAL OF EXCAVATED MATERIALS

It is assumed that materials excavated during tunnel construction can be stockpiled on
future backfilling of the pipeline excavation. Should excess materials be available, the soils can

be hauled off-site for use or disposal elsewhere.

-site for

4.7 PRELIMINARY ASSESSMENT OF LIQUEFACTION POTENTIAL

Liquefaction is a soil behavior phenomenon in which a loose, saturated granular soil undergoes a
rapid loss in strength due to the development of high excess pore water pressure generated by
strong earthquake ground shaking. During earthquakes, liguefaction may result in ground failure
and settlement with potentially severe damage to man-made-structures. The piezometer readings
at the site indicated that the water table was located well below the pipe invert. There is
significant overburden pressure above the water table, thus liquefaction is not anticipated to

occur at this location.

48 JACKING AND RECEIVING PITS

6 and 18 feet deep will be required for the jacking and

uire shoring and excavation support to conduct work
d limit the area impacted by construction. Design and
discussed within this section. .

Excavations ranging between about 1
receiving pits. These excavations will req
safely, protect surrounding site features an
construction considerations for these excavations are

4.8.1 Excavation

Excavation for the jacking and receiving pits are expected to encounter silty sand fill and
alluvium, consisting of interbedded silts and clays overlying silty sand. The sands and silts are
expected to be medium dense to dense, and the clays are anticipated to be stiff. Groundwater 18
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SESTIONFOUR Trenchiess Construction Evaluation

- considered feasible. Driven sheet piles and soldier piles may be precluded because of noise and

materials and the magnitude of surcharge loads on the ground surface adjacent to the excavation.

The size and shape of the excavations for the jacking and receiving pits should be determined by

‘jacking pit should consider the standard 20-foot length for casing pipe and necessary allowance

not anticipated to be encountered within the excavations. Localized seeps, attributed to perched
water may be present should construction occur during wet periods. It is anticipated that soils
can be excavated using conventional excavation equipment such as a backhoe.

Near vertical excavations are required to limit construction impacts to the surrounding areas.
These excavations will require shoring with an appropriate excavation support system. Any
necessary utility location should be performed in advance of installing the excavation support
appropriate to the contractor’s proposed method of woiking. A temporary storing system . -
consisting of soldier piles placed in drilled holes and either timber or steel plate lagging is
considered appropriate for these excavations. Other excavation support systems such as liner
plates with circular steel ribs for bracing, and circular steel ribs with timber lagging are also

vibration impacts to the residential areas. Due to the depth of the excavations, it is anticipated
that internal bracing will be required. Selection and design of the excavation support systems for

the excavations should be the contractor’s responsibility.

Lateral earth pressure_s that develop behind the selected support system will be a function of the
type of support system, installation procedures, depth of excavation, retained subsurface

Based on soil conditions encountered in the exploratory borings, lateral earth pressures
recommended for temporary excavation support design are presented on Figure 3. Passive
pressure resistance will be developed against soldier piles below the base of the excavation. For
soldier piles, the passive pressure should be applied to a width no greater than twice the diameter
of the pile. A minimum factor-of-safety of 1.5 should be applied to the estimated passive
resistance. Passive resistance should be ignored within the upper 2 feet of penetration below the
excavation base. Minimum toe penetration of soldier piles should be at least 5 feet below the
base of the excavation. Deeper toe penetration may be required to achieve a properly designed
shoring system. All excavation work should be conducted in accordance with Cal OSHA trench
excavation safety guidelines, including specific requirements for pit construction, protection,

barricades, traffic control, egress/exit, and personal safety equipment.

the contractor, subject to any limitations shown on the plans, to suit the tunneling equipment and
construction methods selected for the work. Jacking pit geometries for bore-and-jack operations
typically range between about 12 and 15 feet wide by 20 to 30+ feet long. The dimensions of the

for clearance between the casing and pit floor. Furthermore, the base of the jacking pit should be
aligned with the proposed casing grade. Considerations should be made to provide for a mud -
mat at the base of the excavations to provide for a stable working surface, and to maintain the

integrity of the subgrade soil surface.

A bore-and-jack operation requires that a square and secure backstop be provided for the track
pushplate. The thrust force for the entire bore is transferred through the track to the backstop..
The backstop should be designed to withstand a minimum of 2 times the maximum thrast
capacity of the machine being used. For this project, it is anticipated that a machine with thrust
capacity of at least 300 kips would be required. This assumes that a bentonite slurry lubricant
would be employed to reduce friction at the soil/casing interface.
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SECTI 0NF OUR ‘ Trenchiess Constriction Evaluation

Receiving pit dimensions will likely be controlled by the requirements for the cut-and-

cover/inclined pipe construction at the west end. Access to the pipes at this location will be

required to assist in centering/securing the carrier pipe and for grouting operations.

482 Groundwater Control -

Static groundwater levels are anticipated to be present below the base of the access pit
excavations. A sump and pump may be required to remove water derived from storm events if

wet periods are experienced.

4.83 Disposal of Excavated Materials
Materials excavated during construction of the access shafts should be stockpiled for future
backfilling operations. Should excess cut materials be available, off-site disposal may be

required.

4.9 BACKFILLING

Upon installation of the 32-inch outer steel casing pipe, the 20-inch carrier pipe should be

assembled within the casing, centered and properly secured. The annular space between the pipe
and casing should be filled with grout or low-density cellular concrete (LDCC). The mix design o
flowability and limited shrinkage, so that the void i

should provide a material that offers good
space is completely infilled and the grout remains in tight contact with the two pipes.

tm.s | SUBOWLAND\MUSCOYPIPEWMUSCOY PLUME REMEDIAL DESIGNREVFINAL DOC\B-AUG-02MOAK 4-6




SECTIONFIVE Summary and Conciusions

This section presents a brief surnmary of major findings and conclusions conceming the desi gn
and construction of the pipeline crossing under I-215 and the BNSF Railroad. Findings and
conclusions were established from our interpretation of subsurface conditions and experience
with similar projects, based on sound engineering practice and current precedent set for

trenchless construction. _
" The proposed water conveyance pipeline will be constructed using trenchless construction

methods between Station 145+65 and 148+20. Tunneling will commence from a Jjacking pit
at the east end and progress 255 feet to complete the crossing of -2215 and the BNSF nailroad
tracks. Construction will involve installation of a 32-inch diameter steel casing followed by
a 20-inch diameter intemnal carrier pipe. The pipeline will maintain a near 0 percent grade

with thé outer steel casing crown set at Elevation 1092.

Trenchless construction operations are anticipated to encounter medium dense to dense silty -
sands above the groundwater. Laboratory testing indicates that the silty sand contains
31gn1ﬁcant fine content (30% percent). Silts and clays may be in near proximity or within the
excavation along localized segments.

Overburden soil cover will range between about 12 and 13 feet. Additional cover is present
at the I-215 embankment. Cover soils are expected to involve silty sand fill and alluvium,
consisting of stiff clays and medium dense to dense silty sand and silt.

Based on a review of the subsurface data and available trenchless construction methods, we
recommend that bore-and-jack methods be employed to complete the pipeline crossing. This
method offers a simplified approach that will meet project criteria for installation of a 32-
inch steel casing on a relatively flat grade. :

Groundwater control during the tunneling operations is not expected to be required for the

project.

Maximum surface settlements are estimated to range between ¥ to Y5-inch. The surface
settlement trough is predicted to be about 12 feet wide at the ground surface. The estimated
settlement magnitude and geometry are not expected to result in damage to the highway,
railroad tracks and existing utilities. Pre and post construction surveys are recommended to
confirm that surface settlement criteria are achieved. Surface seftlement points should be
established along the pipeline to monitor settlement during tunneling operations. .

Access to the tunneling operations will be achieved through jacking and receiving pits
constructed at the east and west ends of the work. Excavation depths are expected to reach
about 16 to 18 feet; hence, shoring and excavation support will be required to maintain near
vertical soil cuts.

It is recommended that the annulus between the outer steel casing and carrier pipe be

backfilled with grout or LDCC.

e e P L T e BN I N
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Limitations

SECTIONSTX

rt are based on the assumption that the soil and geologic
conditions do not deviate substantially from those encountered in the exploratory borings. If any
variations are encountered during construction, the Geotechnical Engineer should be contacted
so that supplementary recommendations can be made. If the construction plans are changed
from those presently conceived, the Geotechnical Engineer should review the changes and make
modifications to the ori ginal recommendations presented in the report in order to meet the

project needs.

The conclusions presented in this

used as state of the practice in the
or implied, as to the professional advice included in this report.

The conclusions presented in this repo.

report were developed with the standard of care commonly
profession. No other warranties are included, either expressed -

. URS SABOWIANDWMUSCOYPIPEMUSCOY PLUME REMEDIAL DESIGNAEVFINAL DOC\8-AUG-02WOAK 6' I




SECTIONSEVEN | | References

Cording, E.J., Hansmire, W.H., MacPherson, H.H., Lenzini, P.A., and Vanderohe, A.P.,
Displacements Around Tunnels in Soil, Report No. DOT-TST 76T-22, Prepared for U.S.
Department of Transportation, August 1976. '

Dibblee, T.W., Jr., 1970. Regional Geologic Map of San Andreas and Related Faults in Eastern
San Gabriel Mountains, San Bemnardino Mountains, Western San Jacinto Mountains and
Vicinity, Los Angeles, San Bemardino, and Riverside Counties, California: U.S.
Geological Survey Open File Map 71-88, scale 1:125,000. ‘

Géy, T.E., 1997. State of California, Special Studies Zones, San Bernardino South Quadrangle:
California Division of Mines and Geology, scale 1:24,000.

Jennings, C.W., 1994. Fault Activity Map of California and Adjacent Areas: California
Division of Mines and Geology, scale 1:750,000.

Peck, R.B.; 1969. Deep Excavations and Tunneling in Soft Ground, Proceedings, 7%
International Conference on Soil Mechanics and Foundation Engineering, State of the Art
Volume, pp. 225-290.

Rogers, T.H., 1965. Geologic Map of California, Santa Ana Sheet: California Division of
Mines and Geology, scale 1:250,000.

Rogers, T.H., 1967. Geologic Map of California, San Bernardino Sheet: California D1v1510n of
Mines and Geology, scale 1:250,000.

“ USGS, 1967. San Bemardino South Quadrangle, California, 7.5 Minute Series, scale 1:24,000.

URS SAUBOWLANDWUSCOYPIPEMUSCOY PLUME REMEDIAL DESIGNREVEINAL DOCB-AUG-02u0AK -1




e
: =h]
T—
P =
=



Table1l
Summary of Laboratory Test Data

Sample Inforration Sieve Atterberg Limifs -
In Situ In Situ :
Elevation, | USCS Water | Dry Unit Unconfined
Boring Sample Depth, Feet Group | Content, | Weight, | Gravel, | Sand, | <4200, | <¢ Compressive
Number | Number |- Feet MSL Symbol % pef % % Y % LL PL | PI Streagth, psf
Bl 24 455 | 10992 a 106 | s | ' 13680
B-1 3 6-1.5 |} 1097.2 CL [ 47 53 18
B-1 44 9.5-10 1094.3 ML 6.5 101 3380
B-1 3 11-12.5 1092.2 SM 0 73 27 4
B-1 6-2 13.5-14 1090.2 SM 3.1 92
B-1 64 14.5-15 1085.2 CL 122 113 38 A f 17 10590
B-1 7 20-21.5 1083.2 SC 6.7 . 39
B2 3-3 6.5-7 110605 ML 230 102 3500
B-2 34 7-7.5 1100.0 CL 20.0 107 6090
B-2 4 8.5-10 1098.0 CL 0 35 63 n 33 19 14
B-2 5-3 11.5-12 1095.5 ML 185 108 [{] 39 61 10 2770 °
B-2 6 13.5-15 1093.0 SM 135 35
B-2 . 7-3 16.5-17 10905 SM 160 108 2190
B-2 8 20-21.5 1086.5 SM .
Note: The laboratory tests were performed in general accordance with the following standards:

Water Content — ASTM Test Method D2216

Dry Unit Weight - ASTM Test Method D2937

Grain Size Analysis by Mechanical Sieving — ASTM Test Method D422

Atterberg Limits - ASTM Test Method D4318

Unconfined Compressive Strength Test - ASTM Test Method D2166
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H = Height of the Wall (feet)
Pa(max) = Maximum Apparent Earth Pressure
= (35X H) psf
P(surcharge) = 120 psf
Pp = Ullimate Passive Pressure Along Embedded Section
' = (350X Z) psf
Notes: 1. Horizontal surcharge pressure is based on a uniform adjacent vertical

surcharge of 300 psf. This surcharge pressure may be insufficient and
should be increased if large equipment or stock piled soil will be
immediately adjacent 1o the shoring.

2 A minimum factor-of-safety of 1.5 should be employed in passive

earth pressure calculations.
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Ampendix A
Field Exploration Program

A1 FIELD EXPLORATION PROGRAM

Two exploratory borings have been drilled as part of our field exploration program for the 1-215
and BNSF tunnel undercrossing. The borings, designated B-1 and B-2, were drilled on the east
and west side of the I-215 freeway, respectively. The approximate locations of the borings are
shown on Figure 2. Boring B-1 was drilled at the location of the proposed jacking pit at the
comer of Temple and 10" Street and B-2 was drilled at the location of the proposed receiving pit
located at the corner of 10" and I Street. Borings B-1 and B-2 were drilled to a depth of 40 feet
and 30.5 feet, respectively using a Mobil B-61 drill rig. Hollow-stem augers (8-in ID) were used
to advance the entire length of the borings. The borings were performed by Cal Pac Drilling
under the observation of Mr. Bill Gookin of URS’s Santa Ana office. The drilling was

performed on April 20, 2001.

Soil samples were obtained using modified California and Standard Penetration samplers driven
with a 140-pound down-hole hammer falling 30 inches. The samplers were driven 18 inches into
the soil and the blow count was recorded for each of three 6-inch increments. Samples were
taken a 2.5-foot intervals in the upper 15 feet of each boring and then at 5-foot intervals to the
bottom of the boring. Preliminary visual soil classifications were made in accordance with the
Unified Soil Classification system. All recovered samples were screened for potential
hydrocarbon contamination in the field using a Model 580B Organic Vapor monitor (OVM).
The soil samples were screened by placing a portion of the sample in a zip-lock baggie, allowing
it to sit for a few minutes and then inserting the OVM probe into the baggie to measure the
vapors. Results of the OVM readings are shown on the boring logs in this appendix. No organic
vapors were detected from the recovered samples in Borings B-1 and B-2.

The samples were collected using modified California sampler (2-inch I.D., 2-1/2-inch 0.D.) and
a Standard Penetration Test sampler (1-1/2-inch I.D_, 2-inch O.D.). After advancing the
samplers to the desired depth, the samplers were withdrawn from the borehole and the exposed
soil was examined and classified. The modified California sampler was fitted with brass liners to
contain the individual samples, which were sealed with plastic caps to preserve the natural
‘moisture content. Samples recovered from the Standard Penetration Test sampler were sealed in

a zip-lock bag to preserve the natural moisture content.

A2 OBSERVATION WELL CONSTRUCTION

Groundwater observation wells were installed in Borings B-1 and B-2. The monitoring wells
consisted of 10to 15 feet of 2-inch diameter Schedule 40 slotted PVC casing (0.02-inch slots)
overlain by 20 to 21 feet of unslotted PVC casing. The sand pack along the screened interval
(and for 2 10 3 feet above the screened interval) consisted of #12 filter sand. The 1-foot seal
above the sand was constructed using hydrated granular bentonite and the remainder of the
annular space was backfilled with hydrated bentonite chips. Spot calculations were made 1o
ensure that the volume of sand and bentonite matched the theoretical hole volume. F inally, a
steel “Christy” box was installed flush with the road surface and fixed in place with concrete.
The specific details of the observation well construction are shown on the boring logs. The

- borings and monitoring wells were completed under permit with the San Bernardino County

Health Services Department.
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Project: Muscoy Pipeline

Key to Log of Boring -

;'\* 3

Repori: GEO, 12W_LAB_SNA_KEY; File: MUSCOYSB.GPJ; 8/8/2001 key

COLUMN DESCRIPTIONS

Elevation: Elevation in feet referenced fo mean sea level

{MSL) or site datum.

[Z] bepth: Depin in feet below the ground surface.

E Sample Type: Type of soil sample collected at depth intesval
shown; sampler symbols are explained below.

Eij Sample Number; Sample identification number.
m;)_liﬂg_&gﬂﬁm Number of blows to advance driven
sampler 12 inches beyond the first 6-inch interval, or distance noted,
using a 140-b hammer with a 30-inch drop.

@ Graphic Log: Graphic depiction of subsurface material
encountered; typical symbols are explained below.

B

Material Description: Description of matenal encountered; may
include color, moisture, grain size, and density/consistency.

TYPICAL SOIt. GRAPHIC SYMBOLS

SAND (SP) SAND (SW)
// LEAN CLAY (CL) // FAT CLAY (CH)
/] 7
SILT (ML) SILT (MH)

TYPICAL WEL} GRAPHIC SYMBOLS

EE :5 Blank casing in neat % % Blank casing in granular

r<d E" cement grout ) ] % % entonite seal
b i
14} Blank casing in .
55 cement-bentonite grout %lg Blank casing in filter sand
73 Blank casing in hydrated = N

7 bentonite chips E Siotted casing in filter sand

OTHER GRAPHIC SYMBOLS

E First water encountered at time of drilling (ATD)
l Static water level measurad in well on specified date
§— Change in material properties within a lithologic stratum

— —— inferred or transitionat contact between lithologies

Project Location: San Bernardino, California
: Sheet 1 of 1
Project Number: 41-F2501400.03
’f SAMPLES
ol & -

& el d WELL SCHEMATIC AND | 3%| 8] REMARKS AND
% £ 1. 3 % ,§ % MATERIAL DESCRIPTION CONSTRUCTION DETALS |, T gf OTHER TESTS
>.. owld EJE®] © S-S

e 32l 2|ae]e 28|62

(2] Bl 4] (5] L] [2][19]

GENERAL NOTES

ETD%S

Well Schematic and Details: = Schematic of well installation;
materials are described in the column to the right of the well
schemalic; graphic symbols are explained below.,

r s Water content of soit sample measuredin
taboratory, expressed as percentage of dry weight of specimen.

it Wei Dry density of soil sample measured in
laboratory, in pounds per cubic foot (pcf).

rks an : Comments about drilling, sampling,
or well construction made by driler or field personnel. Also, field
and laboratory test data using the following abbreviations:
Hydrometer analysis, percent finer than 2 microns
Liquid Limit (from Atierberg Limits), in percent
Piasticity Index {from Atterberg Limits}, in percent
Photo-ionization device field screening, in ppm
Sieve analysis, percent passing #200 sieve
Wash on #200 sieve, percent passing #200 sieve
Unconfined compressive strength test, Quin psf

El & [e]

EERRRCE

SILTY SAND (SM)

1 SAND with SILT (SP-SM)

g
V1) SILTY CLAY (CL) 4 CLAYEY SAND (SC)

>

SILT with CLAY (ML) X +} GRAVEL (GPIGW)

TYPICAL SAMPLER GRAPHIC SYMBOLS

m Standard Penetration Test % Shelby tube {thin-wall,

{SPT) unlined split spoon fixed head)

Bulk or bucket

(2-1/2-inch OD) with
N brass finers

g California (3-inch OD) % Grab from auger cutlings

S Modified California

sphit barrel

1. Soil dlassifications are based on the Unified Soit Classification
System. Descriptions and stratum lines are interpretive; actual
tithologic changes may be gradual. Field descriptions may have been
modified to reflect results of 1ab tests.

2. Descriptions on these logs apply only at the specific boring locations T

and at the time the borings were advanced. They are not wamanted
to be representative of subsurface conditions at other locations or
times.

Figure A-1
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Report: GEO_ 12W_LAB_SNA, Filo; MUSCOYSE.GPJ: 51612001 B-01

Project: Muscoy Pipeline Log of Boring B-1
Project Location: San Bernardino, California
lProject Number: 41-F2501400.03 Sheet 1 of 2
r;?ﬂ'fe(j) 4120/01 LoggedBy B.Gookin Reviewed By M. Schmoll
3:'#12% Hollow-Stem Auger ] mdor Cal Pac Drilling Z‘ngzg&tg 40.0 feet
'?;;‘)’e Rig Mobile B-61 gg;?r';pe 8-inch-OD auger g%:,gggf Sing Not available
NePing  SPT, Modified California, bulk Daa”®"  Downhole; 140 Ibs / 30-inchdrop [ APPIONMAle 4465700yt
Water Level and | Borehole Piezometer installed; see schematic .
Date Measured Not encountered ATD Complefion  below for construction details Locaton  Corner of Temple and 10th
SAMPLES
5 o885 8 WELL SCHEMATICAND | 2%} ‘| REMARKS AND
= - [e 2 Kel J_a
g 5 3 = g |585 2 MATERIAL DESCRIPTION CONSTRUCTION DETAILS |, E1E | OTHER TESTS
[ [ — [+ % Q= O
we oeje E |Ev3 55| >
FZ |Bed| 6 26|62
hd 15 s‘i' = SAr{l ool con: te : r[ | mver setin Field geeninglgf
| SiL D (SM 1 e samples with
Medium dense, moist, medium brown ¢ 44 Model 5808 OVM.
1 22 - SILT (ML) and SILTY SAND (SM) [Fill] B %algggoundw ppm
Medium dense, mo:st, dark brown, in altemating layers : =0 ppm
SANDYLEAN CLAY (CL) fAliwivm] T ?
1100 Hard, dry o damp, light brown, with white calcite stringers | : |« 8-inch-dia. borehole PID=0 ppm
- 4 10.6f 108 | UC=13680 psf
~¥4
% : PID=0 ppm
- i v SA: 53%<#200
] t—2.inch-dia. Sch. 40 HD: 18%<2u
o o PVC blank i
i SILT (ML) {Aliuvium] U4 V4 (to21 ﬁa;n esing :
—1095 Medium dense, damp, light brown, trace sand, pinhole | PID=0 ppm
porosity observed g
. 6.5 | 101} UC=3380 psf
SH.TY SAND (SM) [Allwium] TR
Medium dense, damp, light brown, weakly cemented to ¢ % PID=0 ppm
locally cohesionless I 2 g H . SA: 27%<#200
E ydrated bentonite e
: ] chips (1-16 1) HD: 4%<2y
—1090 i % 3.1§ 92§ PID=0ppm
LEAN CLAY with SAND (CL) {Altuvium] _ ’ 12.2} 113} UC=10590 psf
Hard moist, medium to dark brown ¢ L£=38,PI=17
ydrated granular
bentonifte seal
——————————————————————————————————— 16-18 ft
CLAYEY SAND (SC) {Alluvium]} { )
Dense, moist, medium brown S
—1085 B
H PiD=0 ppm
a0 6.7 WA=39%<#200
—1080 | USILTY'SAND (SM) fAdgviom] 2-inch-dia. Sch. 40
Dense to very dense, moist, medium brown, friable, weakly PVC screén, )
25 cemenied 0.020-inch slot
N {21-36 f)
_g 8 70 PID=0 ppm
Coarsar-grainad sz2nd
) §
—1075 |
8 | s0 : PID=0 ppm
30 SEEs .
) m Figure A-2
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Project: Muscoy Pipeline ) Log of Boring B-1
Project Location: San Bernardino, California
Project Number:  41-F2501400.03 Sheet 2 of 2
[ SAMPLES
s 8% _8: ' WELL SCHEMATIC AND | %] 8} REMARKS AND
= 2 . 128 i -
S £ sl B =8 2 MATERIAL DESCRIPTION CONSTRUCTION DETAILS |, T1€ =] OTHER TESTS
wE S2|8 E |Ep3) & : S5(28
w2 s O =0jag
543 SILTY SAND (SM), dense to very dense, moist, medium =
i brown, friable, weakl_y cemented {continued) = 12 filter sand
(18-40 ft)
1070 2-inch-dia. Sch. 40
PVC screen,
35 i = 0.020-inch stot
10A 5 ) {21-36 ft)
. 19 (1 H-] SILT with SAND (ML) [Alluvium} PID=0 ppm
10B 1l Medium dense, moist, dark brown, micaceous
k g i_ + ‘-—Beoomes grayish brown with orange-brown staining
1065 | XIEE
11 ] 28 FI{fF . -
40 =
Bottom of boring at 40.0 feet
1060 ] i | ' }
45 — -
10655 | i : i
50— - _
—1050 | 1 _
55 - 4
—1045 | 1 i
60 - -
| _ | | )
1040 | i ]
65 —]
[ 57045 bt




. SNA:  Fite; MUSCOYSB.GPJ: 6/8/200% B-02

RUpUIt UEO_1ZW_LAB

(. -
Project: Muscoy Pipeline Log of Boring B-2
.{ Project Location: San Bernardino, California
/Project Number:  41-F2501400.03 Sheet 1 of 2
 Date(s) 4120/01 Logged By  B.Gooki i '
Drilled ogged By . Gookin Reviewed By M. Schmolt
Drilling . Drilling - Total Depth
Method Hollow-Stem Auger Contractor  Cal Pac Drilling of Borehole 30.5 feet
?yﬁ:eng Mobile B-61 gg;,er';,pe 8-inch-OD auger Eg,g:;g‘asmg Not available
Sampling - : . Hammer . N proximate
Method SPT, Modified California, bulk Data Downhole; 140 lhs { 30-inch drop gpurfaoe Elevation 1107 feet MSL
Water Levef and Borehole Piezometer installed; see schematic .
Date Measured Not encountered ATD ) Completion  below for construction detaile Location  Corner of 10th and I Street
SAMPLES
g g’é .é.: WELL SCHEMATIC AND ¥ B REMARKS AND
= -~ D=0 o =
£: Bsl. B 5532 MATERIAL DESCRIPTION CONSTRUCTION DETAILS |, E|Z | OTHER TeSTS
= @ 13 — . [T [=2
we o2ja £ |ERE S 5§l >0
oE Z |Xa] O 20ojo=z
X inches of asph 1 H [— —Well cover setin Field screening of
| SILTY SAND (SM) f{Fill] .4 LY concrete R samples with PID
Medium dense, moist, reddish brown % Model 5808 OVM.
1105 26 . ) Background=0 ppm
: || SILT (ML) {Aliuvium] 7 PID=0 ppm
L Medium dense, moist, medium to dark brown, micaceous, {
with clay - ¢ R
25 - . H<-8-inch-dia. borehole No sample
[ recovery; sample
5k din _ fell out in hole.
i i ), 1 PID=0 ppm
1100 5 31 . / A 23.0} 102 | UC=3500 psf
= ¥/77] SANDY LEAN CLAY (CL) [AHluvium)] 23— inch-dia. Sch. 40 |20.6] 107 | UC=6090 psf
i A Very sliff, damp, medium brown, with white stringers i 7 PVC blank casihg
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AppendixB
Lahoratory Testing Program

B.1 LABORATORY INVESTIGATION

This appendix presents the results of geotechnical laboratory tests completed as part of the
investigation for the project. The geotechnical tests were performed on the recovered soil
samples to help evaluate certain physical and mechanical properties, and to confirm the visual
classifications made during our field investigation. Visual classifications of soils were
completed per ASTM D2488, Standard Practice for Description and Identification of Soils. The
geotechnical laboratory testing program included the following: moisture content, dry unit
weight, grain size distribution and hydrometer, Atterberg limits and unconfined compressive
strength. A summary of the test results is shown on Table 1 in the text of the report and on Table

B-1 in this appendix.

The results of the Atterberg limits are shown on Figure B-1. The grain size distribution curves
are shown on Figure B-2. Results of the moisture content, sieve No. 200 wash and unconfined
compressive strength tests are shown on Table B-1 and on the boring logs in Appendix A.

The geotechnical tests were performed using the following ASTM standards.

Moisture Content ASTM D2216
Dry Unit Weight ASTM D2937
. Grain Size Analysis  ASTM D422
" Atterberg Limits ASTM D4318

Unconfined Compressive Strength ASTM D 2166
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